Introduction
Seasonal variation in human births and deaths has often been reported, dating from the beginning of the 19th century. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] An initial extensive review on such periodicities of human populations was published by Smolensky et al 14 and Smolensky, 15 in which the limitations of unknown and/or uncontrolled factors of historical observations/reports also were extensively discussed. Socioeconomic aspects of seasonal variations were presented by several authors. 16 , 17 Smolensky et al 14 and Batschelet et al 18 compiled population data on the calendar date of birth and death events from various regions of the world, representing different decades and a vast number of different families. More recently, Roenneberg and Aschoff 13, 19 were able to demonstrate that the annual rhythm in conception rate and human reproduction, using a worldwide selection of statistics, was based on photoperiod and ambient temperature. It is well known that photoperiod greatly varies with latitude. Even a small difference in latitude (San Diego, CA, USA [32° 43′ N], versus Rochester, NY, USA [44° 1′ N]) results in a significantly greater seasonal variation in outdoor illumination in Rochester than in San Diego 20 during each of the four quarters of the year. To the best of my knowledge, it has not yet been studied whether residing at different latitudes results in different seasonal rates in natality and mortality in a single family with more or less the same genetic background.
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In a recent paper, I analyzed seasonal data in birth and death in 1,632 persons of my own family residing in the middle of Germany over the course of 6 centuries (1500-2000). 21 Significant seasonal variation was found both in births and deaths up to the 19th century, but in the second half of the 20th century, these rhythms were lost. Luckily, thanks to an inheritance from a family member, I received access to another set of data for the Lemmer family from Harry Lemmer's son Ulrich. 22 The additional data increased the total time span up to the year 2013 and the number of family members up to 2,361 persons. It should be mentioned that the roots of the German Lemmer family are supposed to be in the Netherlands 22, 23 (the little city of "Lemmer" still exists at the Zuider Sea), from which the family's ancestors went up the Rhine and settled east of Cologne. From this new set of data, I also received the information that one of my forefathers, Johann Caspar Lemmer, born in 1762 in Wiedenest, Northrhine-Westfalia, Germany, emigrated to South Africa in 1786 on board the ship De Arend, and 5 years later, he became a citizen of South Africa. He was the father of the South African branch of the Lemmer family. 24 In 1826, Johann Caspar Lemmer married Marietta Uys. They had three children, 28 grandchildren, and 89 great-grandchildren, and the family has continued to grow rapidly up to now. The family's marriages were nearly exclusively made with other Dutch and German immigrants.
These data from the German and the South African branches of the Lemmer family, from a predominantly Caucasian background, created a unique opportunity to compare seasonal variation in births and deaths and additional socioeconomic data within the same family living for several hundred years in different parts of the earth, differing mainly by latitude.
Material and methods german branch of the family
Biographic data of the German Lemmer family were available from 1500-2013, for a total of 2,361 persons.
Data were collected from various sources 22, 23, [25] [26] [27] 24 Between 1800 and 2000, data from births and deaths were documented in 1,284 persons, with 932 dates for births and 352 for deaths, respectively (Table 1) , and 126 couples' wedding dates also were reported.
These family members lived mainly in the region of Johannesburg (26° 12′ S, 28° 2′ E), Bloemfontein (29° 7′ S, 26° 12′ E), Pretoria (25° 44′ S, 28° 11′ E), Swellendam (34° 1′ S, 20° 26′ E), Kapstadt (33° 55′ E, 18° 25′ E), and Hartbeesfontein (30° 8′ S, 26° 8′ E). Highest/lowest air temperatures were recorded in Durban (summer, 28°/21°C; winter, 23°/11°C), Johannesburg (summer, 26°/15°C; winter, 17°/11°C), and Pretoria (summer, 19°/18°C; winter, 20°/5°C). 29 The location (coordinates) of the living area of the two family branches show that both branches lived at 30 for both the german and the south african branch of the family. normalized monthly data (to 30 days/month) were analyzed by chi-squared test for goodness of fit for equal frequencies (Chi 2 ef) 31 and by rhythm analysis with the Chronos-Fit program. 32 Bold number, significance (P.0.05; ns = not significant). 
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statistical analyses
The ancestor computer program MacFamilyTree 7 30 was used to collect all data from the members of the family. Then, data on births and deaths were grouped on a monthly basis by a program subroutine. All seasonal data were normalized to 30 days per month and were used for statistical analyses.
Collected data were analyzed in two ways: to test for significant seasonal variations in births and deaths, the chi-squared test for goodness of fit for equal frequencies (Chi 2 ef) was used, with a significance level of P,0.05, 31 and for seasonal rhythm analysis in the different times series for annual variation, the program Chronos-Fit 32 was used. For rhythm analysis, the following equation was used:
By means of the Chronos-Fit program, the data were fitted by partial Fourier series up to six harmonics ([i] 24, 12, 8, 6, 4.8, and 4 hours). This method allows statistical verification of a cosine-shaped waveform rhythm pattern by testing the null hypothesis of the amplitude being equal to zero. The following parameters were calculated for each of the fitted curves: mesor (mean of the fitted 24 hour curve), acrophase (maximum value of each harmonic), amplitude of each harmonic, peak and trough values of the combined cosine curve, and the significance of rhythmicity (P,0.05). Significance of a seasonal rhythm is presented in Table 1 .
Results german branch: seasonal variation in natality and mortality Figure 1 shows the normalized seasonal variations in the births and deaths of 2,361 family members of the German branch from 1500-2013. For the 300 year span from 1500-1799, peak value in nativity rhythm was found in January, and trough value was found in June. Analysis of data revealed both a significance in chi-squared test as well a significant seasonal rhythm (P,0.0021; Table 1 ). 23 and lemmer and lemmer. 24 no seasonal rhythm was found by rhythm analysis, 32 nor significant variation by chi-squared test for equal frequencies.
No significant seasonal rhythm in births was found during 1800-2013 and 1950-2013 (Table 1) . The number of deaths displayed a significant seasonal rhythm for the time spans of 1500-1799 (P,0.0041) and 1800-2013 (P,0.0011), both showing the rhythmic peak value in March and the trough value in June by rhythm analysis (Figure 1 and Table 1 ); in addition, the variation was significant by chi-squared test (Table 1 ). In the second half of the 20th century, no seasonal rhythm was found ( Figure 1 and Table 1 ). south african branch: seasonal variation in natality and mortality
In Figure 2 , normalized seasonal distribution in the births and deaths of 1,284 family members of the South African branch between the years 1800-2000 and 1950-2000 are presented. Neither a significant seasonal variation by chi-squared test nor a significant seasonal rhythm by rhythm analysis was found ( Figure 2 and Table 1 ).
socioeconomic data
Interestingly, there was a pronounced seasonal pattern in the number of weddings in the German branch in the years 1500-1799 and 1800-2013, with two peaks in spring and autumn/winter (Figure 3) . During the second half of the 20th century, a peak in weddings was observed only in winter. In contrast, no seasonal pattern in the number of weddings was found in South Africa, and only one peak was seen in both time spans , in December (Figure 4) .
In both the German and the South African branches of the family, the first child was born some time before up to ≈15 years after the marriage (Figures 4 and 5) , clearly indicating that reproduction does not occur immediately after the wedding feast.
Discussion
Here we present for the first time seasonal data on natality and mortality in a single family with Caucasian heritage residing for several hundred years at different latitudes (≈51° N in Germany and ≈30° S in South Africa, respectively) and at about the same longitude.
Considering the previous commentary, 21 the additional data obtained for the German branch of the family doubled the data set previously available for detailed analyses. Whereas clearcut seasonal variations with a peak in winter/ early springtime were found in the northern hemisphere The seasonal swing in maximum and minimum hours of sunshine and in temperature is much less in Capetown than in Munich, 13 as expected from the difference in the closeness of the latitude to the equator. Thus, the contribution of outside temperature to seasonal rhythms cannot be excluded. In fact, in 1832, Quételet and Smits reported that the seasonal variation in outside temperature in Belgium was negatively correlated with seasonal rhythm in mortality. 11 Additional socioeconomic data could be collected by the available documents in both branches of the family. Most interestingly, the yearly pattern in the number of weddings Figures 3 and 4) ; however, there is no obvious causal link between these patterns. It has sometimes been assumed that the first child is born around 1 year after the wedding and first conception. This hypothesis was not verified by the data we collected, neither in Germany nor in South Africa, as documented in Figures 5 and 6 . We consider the time around the end of World War II as the great cut in history. Roenneberg nativity and mortality in one family at different latitudes direct genetic data are available for both family branches, the marriage certificates of the two branches clearly indicate their Caucasian heritage. We consider that approximately from the second half of the 20th century, there was a great change in these environmental conditions with additional impact factors: Not only did oral contraceptives become available, allowing the manipulation of the time of conception, pregnancy, and birth, but also there was introduction of new technology to better control environmental conditions, greater use of artificial light to extend the hours of light during the 24 hour period, further incorporation of shiftwork schedules in industry and other settings, stronger advances in medical treatment of many diseases, including increased availability of intensive care in hospitals, and finally, greater longevity of the population.
Aside from the recent work of Roenneberg and Aschoff, 13, 19 the influence of region and weather on the seasonal variation of mortality in several countries was reviewed some years ago by Momiyama and Katayama, 9 who showed a moderation (reduction) of the amplitude of difference in the annual pattern of human deaths in the United States and other countries in the 1960s, which was ascribed to the introduction of central heating and air conditioning into homes. There are also numerous papers indicating that mainly a low winter temperature may contribute to an excess in mortality. 16, [33] [34] [35] However, seasonality in mortality in a tropical zone could not be explained by temperature but was associated with humidity. 36 Furthermore, low income seems also to play a role in winter mortality. 16 The very early data from Quételet and Smits, 11 from 1832 on, showing higher winter mortality both in the cities and the country of Belgium, was already mentioned. However, the winter/spring excess in nativity in a rural population is hardly to be explained by seasonal variation of outside temperature.
In agreement with various reports by Smolensky, 14, 15, 18 our data on the German branch of the family further support a pronounced spring peak in mortality based on the data of a span of about 500 years, but the seasonal variation was no longer observed during the second half of the 20th century. In general, seasonal variation in birth was less pronounced than that in mortality. Although no direct data are available for temperature and weather for the whole 500 year span, even greater changes during this period are unlikely to explain the loss of seasonality, as the family members contributing the data all lived at approximately the same latitude and longitude in the middle of Europe. Considering the great span of 200 years (South African branch) and 500 years (European branch) of the data set included, it is not possible to have data on detailed socioeconomic conditions of the family members over the centuries. The role of more recent technological changes from the middle of the 20th century affecting the temporal features and signals of environmental time cues, along with lifestyle, working habits, birth control, life-extending medications, and medical procedures, seems to have masked the possible underlying human circannual rhythms 37 on birth and death in the population.
In conclusion, the present data set is the first in which the seasonal variation in nativity, mortality, and number of weddings in a single family could be shown to be correlated with the degree of latitude/photoperiod. However, environmental and socioeconomical factors are likely to be involved, as discussed.
